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1. 

THREE-DIMIENSIONAL MEMORY AND 
METHOD FOR MANUFACTURING THE 

SAME 

TECHNICAL FIELD 

The disclosure relates in general to a memory and a 
method for manufacturing the same, more particularly to a 
three-dimensional (3D) memory and a method for manufac 
turing the same. 

BACKGROUND 

A typical thin-film transistor may be erased by providing 
holes to boost channel potential. In a conventional planar 
structure, the Substrate can play the role of providing holes. 
In contrast, in a 3D structure, such as a 3D NAND flash 
memory, a thin-film transistor may not contact the Substrate 
directly, and thus it is not easy to obtain holes from the 
substrate. One method to provide holes to such a thin-film 
transistor is inducing holes by gate-induced drain leakage 
(GIDL). However, it is sensitive to local electric field and 
needs a long time to provide Sufficient amount of holes. 
Besides, GIDL stress may damage the gate oxide and 
degrades the reliability. Another method is using a p-type 
Source instead of a n-type source. However, when the 
thin-film transistor using a p-type source is read, a Voltage 
drop is occurred. 

SUMMARY 

In this disclosure, a new structure is provided to solve the 
above problems. A method for manufacturing the same is 
also provided. 

According to one embodiment, a 3D memory is provided. 
The 3D memory comprises a thin-film transistor. The thin 
film transistor has a source region and a drain region 
disposed separately. The source region comprises a first 
Source region and a second source region disposed between 
the first source region and the drain region. The first Source 
region is p-type of doping, the second source region is 
n-type of doping, and the drain region is n-type of doping. 

According to another embodiment, a method for manu 
facturing a 3D memory is provided. The method comprises 
the following steps. First, a stack of alternating conductive 
layers and insulating layers is formed on a Substrate. A 
source region of a thin-film transistor of the 3D memory is 
formed. This step comprises: forming a through hole 
through the stack; forming a n-type doping layer on side 
walls of the through hole; and filling a p-type doping 
material into the through hole on the n-type doping layer. A 
drain region of the thin-film transistor separated from the 
Source region is formed. This step comprises: forming a 
sequence of through holes respectively connecting the con 
ductive layers of the stack; and filling a n-type doping 
material into the sequence of through holes. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIGS. 1A-1C illustrate a part of a 3D memory according 
to one embodiment. 

FIGS. 2A-2B show characteristics of an example accord 
ing to one embodiment and a comparative example. 

FIG. 3 shows characteristics of an example according to 
one embodiment and comparative examples. 

FIGS. 4A-11B illustrate a method for manufacturing a 3D 
memory according to one embodiment. 
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2 
In the following detailed description, for purposes of 

explanation, numerous specific details are set forth in order 
to provide a thorough understanding of the disclosed 
embodiments. It will be apparent, however, that one or more 
embodiments may be practiced without these specific 
details. In other instances, well-known structures and 
devices are schematically shown in order to simplify the 
drawing. 

DETAILED DESCRIPTION 

Referring to FIGS. 1A-1C, a part of a 3D memory 
according to one embodiment is illustrated, wherein FIGS. 
1B and 1C shows the enlarged views of the region A in FIG. 
1A. The 3D memory comprises a thin-film transistor 102. 
For easiness of illustration, the 3D memory shown in the 
figures is a 3D NAND flash memory, and the thin-film 
transistor 102 may be provided for a memory cell as a cell 
transistor. However, the present invention may be adapted to 
other kinds of 3D memory comprising a thin-film transistor, 
and to thin-film transistors of other usage. 
The thin-film transistor 102 has a source region 104 and 

a drain region 106 disposed separately. The Source region 
104 comprises a first source region 108 and a second source 
region 110 disposed between the first source region 108 and 
the drain region 106. A length of the first source region 108 
is L., a length of the second source region 110 is L., and a 
total length of the source region 104 is L. In one example, 
L., equals to 0.3 um. The first source region 108 is p-type of 
doping, the second source region 110 is n-type of doping, 
and the drain region 106 is n-type of doping. 

Since the source region 104 comprises a p-type first 
source region 108, a stable and fast hole source is provided. 
Unlike the case using only a p-type source, the Source region 
104 also comprises a n-type second source region 110. As 
such, a voltage drop will not occur when read the thin-film 
transistor 102 according to the embodiment. Further, the 
disadvantages of using GIDL-induced holes, such as 
unstable, time-consuming, structure damage, etc., can be 
avoided. 
The 3D memory may further comprise a source contact 

and a drain contact 116. In one embodiment, as shown in 
FIG. 1B, the source contact 118A connects both the first 
source region 108 and the second source region 110. In 
another embodiment, as shown in FIG. 1C, the source 
contact 118B connects the first source region 108 only, and 
does not connect the second source region 110. In both 
embodiments, the length L of the second source region 110 
may be equal to or lower than 0.02 Lum. The drain contact 
116 connects the drain region 106. 
The 3D memory may further comprise a substrate (as 

shown in FIG. 4B), a bit line 112 disposed on the substrate, 
and a word line 114 disposed on the Substrate and orthogonal 
to the bit line 112. The source region 104 and the drain 
region 106 may be disposed along the bit line 112 and not 
contact the substrate directly. 

FIGS. 2A-2B show characteristics of an example accord 
ing to one embodiment and a comparative example thereof 
when the thin-film transistors of the example and the com 
parative example are read. For the example shown in FIG. 
2A, the source contact 118A connects both the p-type first 
source region 108 and the n-type second source region 110. 
For the comparative example shown in FIG. 2B, the source 
contact 118B connects only the p-type first Source region 
108. For both the example shown in FIG. 2A and the 
comparative example shown in FIG. 2B, L, equals to 0.3 um, 
and L and L equal to 0.15um. In the comparative example, 
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because the p-n junction between the first source region 108 
and the second source region 110 is reverse-biased during 
reading. I current is predominated by band-to-band tunnel 
ing and strongly depends on Vd bias. While in the example 
in which the source contact 118A also connects the n-type 
Source region, the I-V curves exhibit the typical behavior 
of n-channel reading. 

FIG. 3 shows characteristics of an example according to 
one embodiment and comparative examples thereof when 
the thin-film transistors of the example and the comparative 
examples are erased. For all of the example and the com 
parative examples, L, equals to 0.3 um. When the n-type 
Second source region 110 is short enough, such as equal to 
or lower than 0.02 um, the hole provided from the p-type 
first source region 108 can more easily and rapidly pass 
through the second source region 110. As such, the erase 
speed is further improved. According to one embodiment, 
the source contact may connect both the p-type first source 
region 108 and the n-type second source region 110. Accord 
ing to an alternative embodiment, the source contact may 
connect only the p-type first source region 108. 
Now referring to FIGS. 4A-11B, a method for manufac 

turing a 3D memory according to one embodiment is 
illustrated, wherein the figures indicated by “B” shows 
cross-sectional views taken along the line B-B' in the 
corresponding figures indicated by 'A'. First, as shown in 
FIGS. 4A and 4B, a substrate 202 is provided, and a stack 
210 of alternating conductive layers 206 and insulating 
layers 208 is formed on the substrate 202. In one embodi 
ment, a buried layer 204 may be formed between the 
substrate 202 and the stack 210. 
A source region S of a thin-film transistor of the 3D 

memory is formed, as shown in FIGS. 5A-6B. Referring to 
FIGS.5A and 5B, a through hole 212 is formed through the 
stack 210. Referring to FIGS. 6A and 6B, a n-type doping 
layer 214 is formed on sidewalls of the through hole 212, 
and a p-type doping material 216 is filled into the through 
hole 212 on the n-type doping layer 214. In one embodi 
ment, the thickness of the n-type doping layer 214 may be 
equal to or lower than 0.02 um. 
A drain region D of the thin-film transistor is formed, as 

shown in FIGS. 7A-7B. The drain region D is separated 
from the source region S. A sequence of through holes 218 
are formed respectively connecting the conductive layers 
206 of the stack 210. An insulating layer 220 may be formed 
on sidewalls of the through holes 218. Then, unnecessary 
material is removed by etching, and a n-type doping material 
222 is filled into the sequence of through holes 218. 

Bitlines 224 and word lines 232 are formed, as shown in 
FIGS. 8A-10B. Referring to FIGS. 8A and 8B, the stack 210 
is patterned to form a plurality of bit lines 224 separated by 
trenches 226. Referring to FIGS. 9A and 9B, an oxide 
nitride-oxide (ONO) structure 228 is formed on sidewalls of 
the trenches 226 between the bit lines 224, and a conductive 
material 230, such as poly-silicon, is filled into the trenches 
226. Referring to FIGS. 10A and 10B, a plurality of word 
lines 232 is formed by patterning the conductive material 
230. 
The sequence of forming the source region S, the drain 

region D, and the bit lines 224 and word lines 232 may be 
exchanged. Then, referring to FIGS. 11A and 11B, a source 
contact 236 and a plurality of drain contacts 238 are formed. 
In one embodiment, the source contact 236 connects both 
the p-type doping material 216 and the n-type doping layer 
214. In an alternative embodiment, the source contact 236 
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4 
connects the p-type doping material 216 and does not 
connect the n-type doping layer 214. The drain contacts 238 
connect the n-type doping material 222 in the sequence of 
through holes 218. 

According to the method described above, the 3D 
memory according to the embodiments, in which a stable 
and fast hole source is provided, can be easily fabricated. 
However, this method is provided only for explanation, and 
other methods to manufacture a 3D memory according to the 
embodiments may be carried out. 

It will be apparent to those skilled in the art that various 
modifications and variations can be made to the disclosed 
embodiments. It is intended that the specification and 
examples be considered as exemplary only, with a true scope 
of the disclosure being indicated by the following claims and 
their equivalents. 
What is claimed is: 
1. A three-dimensional (3D) memory, comprising: 
a thin-film transistor having a source region and a drain 

region disposed separately, wherein each of the source 
region and the drain region penetrates through at least 
a part of a stack, wherein the source region comprises 
a first source region and a second source region dis 
posed between the first source region and the drain 
region, and wherein the first source region is p-type of 
doping, the second source region is n-type of doping, 
and the drain region is n-type of doping: 

wherein the stack is formed of alternating conductive 
layers and insulating layers, a through hole is formed 
through the stack, a n-type doping layer is formed on 
sidewalls of the through hole, and a p-type doping 
material is filled into the through hole on the n-type 
doping layer, wherein the n-type doping layer forms the 
second source region, and the p-type doping material 
forms the first source region. 

2. The 3D memory according to claim 1, further com 
prising: 

a source contact connecting both the first source region 
and the second source region; and 

a drain contact connecting the drain region. 
3. The 3D memory according to claim 1, further com 

prising: 
a source contact connecting the first source region and not 

connecting the second source region; and 
a drain contact connecting the drain region. 
4. The 3D memory according to claim 3, wherein a length 

of the second source region is equal to or lower than 0.02 
lm. 

5. The 3D memory according to claim 1, wherein a length 
of the second source region is equal to or lower than 0.02 
lm. 

6. The 3D memory according to claim 1, wherein the 
thin-film transistor is provided for a memory cell. 

7. The 3D memory according to claim 1, further com 
prising: 

a substrate; and 
the stack of bit lines disposed on the substrate: 
wherein the source region and the drain region are dis 

posed along the bit lines and do not contact the sub 
strate directly. 

8. The 3D memory according to claim 7, further com 
prising: 

a word line disposed on the substrate and orthogonal to 
the bit lines. 


